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StMlAEY ■ 

Frcm flight tests of 0.5“scale models of the Fairchild Lark 
pilotless aircreift conducted at tjte flieht. .test . station of the 
pilotless Aircraft Research Dlrlsion at ‘Wallops island, ‘V'a. , some 
evaluations of the static longitudinal^ sta'bility -srere o^btained 
"by analysis of the ahort-period oscillations induced "by the a'brupt 
movement of the rudder elevators. The analysis shows that for the 
Lark configuration with wing flap deflections of 0° and 15° the 
static longitudinal stability decreases -slightly wp to. the critical 
Mach number and then as the Mach number increases further the 
stability increases greatly. ' ' 


. . . INTRODUOTICM- 

The National Advisory Ccaamlttee for ‘'AeronS'utles was requested 
by the Bureau of Aeronautics, Navy Department, to make ‘ flight tests 
of the Fairchild Lark pil’otless-aircraft .canfigvjration to eval-uate 
the longitudinal stability and control characteristics at' high ' 
subsonic speeds in order 'to ;the behavior of the full-scale 
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aircraft. To ottain' this infonnatioix 0,.-.5-scale models, externally 
gecaaetrically similar, to the Fairchild L^k were constructed and 
flown at the flight t&st station of the Pilotless Aircraft Eesearch 
Division at Wallops Islsiid, Ta. The results reported herein per*tain 
to the static longitudinal stability of the Lark configuration with 
wing flap deflections of 0^ and 15°. 
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. : SYMBOLS ■ 

. ■ \. 

free-stream Mach -number ■ ' ■ 

..normel,'.for©e coefficient 

rate of change of pitching mome.nt;' with. -angle of attack, 
foot“po\uuis per -.radian 

rate of change of pltching-mcanent coefficient with angle 
-of. attack^ per degree f-: 

rate of change of lift .coefficient with angle of attack, 
per degree 

period of oscillation, 'Seconds 

moment of inertia about ,X"axis, slug-feet^ 

free-stream dynamic pressure 

free-stream static -preSsufe.. , ■ ■ ■ ■ ,. 

weight of model, povmdCs' ■ 

. horizontal wing area, - 2. -725 Bq.uare feet 
wing . chord, 0. 883 feet ■ . 

normal acceleration, feet per second? ■ 
acceleration of gravity, 32.2 feet per second^ 
deflection of horizontal wing flaps, degrees 
specific heat ratio} value tsken^ 1.'4 
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• The simplified d..?-'sceile’ models used, in', thi‘s_'inveptlgat ion were 
externally gecmetricai similar to the •full-scale iarlc' (kAQ-I) of 
■the, Pllofcless..Plane Division. of the- Pairchild. iU3glre;and Airplane 
; Corporation’. Descriptions of -the models and. tiie tes'ting technique 
are given in references 1 and 2, which report* the 'fli^t tests of 
models with 6f = 0° and 5f = 15°. Figure 1 presents the general 
arrangement of the .Q.^'Scale, models. Table I gives a comparison of 
the weight and ‘balakce ’oharacteristicB of the models and the full- 
scale aircraft. A photograph of a model and rocket motor is shown 
in figure 2. 

'METHOD OB' ANAiysiS;' 


Evaluations. -.of bhe static longitudinal stability were obtained 
by analysis of the short -period osoiUhtions .induced by the abrupt 
mpvemen-t.of liie rudder „«levatorB. As.. shown in . references 1 and 2 
these short-period oscillations .appeared .in the norjsel .acceleration 
■ curve ■ as .the noriaal , .accelerometer tos mounted appr^o^dmately 3 inches 
( 0.^83 hhord) aheeid of -fehS cehter.of j^ayity. These short-period 
oscillations trere always damped which 'indicates the pitching motions 
to be Btat.ica1,ly^ and .dynamically stable. The ]^rlod of the motion 
for small amipii'tudek.may .be eiJ^e.s'sed as a function. of the moment 
of ' inertia, and the* 'rest bring moinent' .per radian movejiJient with respect 
to the, relative ■wind; ah' fbllowh: 
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The 'Second order "effects, suoii’asthe amplitude,: of the oscillation, 
.were'fbuM to have ho appreciable effe.o-p on th^. v^Lue of the period. 
•'However, ■'the effect of damping' in pitch is not included and, if the 
damping factor is large... scpe a^car may be expected. The valties 
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of -T — obtained are for the model -flight oenter-of-grevlty 
act 

locations vhich for 8f =* 0° , varied frcan l6.0 to 17-4 PW.cent ^ 
chord and for 8f = "IS® .y^ied from 1?*,P to l^. S. .peTOent chord 
as the rocket motor huwied out* A similar variation.. of ths' 


moment of inertia was included in the ocanputatibn of. 
each case* ^ 


■ 6 . 0 ' 


for . - 


ilSGUBSION ' 


The values of the period determined frcm the fli^t tests 
reported in references 1 and 2 are presented .in flgur^.'S.^tb show 
the variation of the period of the oscillation with Mach number . 

The scatter of the test points on figure 3 indicates the amount of 
error in determining .P* , As shown in'figure ;3.fDc: ' Sf ■ * 15° -the’' 

periods of the oscillations for high and low values of 'were, 
of different magnitude which indl'cectos different amount's of static 
stability. Por the case of'' '6jji a O'® the values of - Cjf' are . ” ' . 
between -0.3 and o;4y and'fof' the case of ..5f « 15°' the. low , 
va3.ues of Ch’ are between 0 'and 0.2 and the high .values of Cjj 
are in the vicinity' 'of ;0.‘5.' . . ' ■' .• - 

Figure 4 Fresents. .the .static, longitudinal- stability, as. : 
computed using equation (2)'^ as a function of Mach numbe.r- These . 
curves indicate that as M increases the stability decreases 
slightly, then as M increases further the stability increases 
greatly, especial.ly after the critical Mach nvmber..' .These data 
Indicate tliat the static' longitudinal stability changes rapidly 
with lift coefficient and Ifech number. This is ailso shown in 
reference 3j high-speed wind-tunnel tests of a 0.25-scale model. 

For 8f = 0° an increase in the value of frcsa -0.03 to 

-0.053 may be expected as M changes from 0*6 to 0*9; and for 

8f ss 15° (high Cif) an Increase in the value of , frcaa , 

... ; dC& - ■ ■■"." 

-0*018 to -0.037 may be expected as M changes ffcsa 0.-7 to 0V8. 

By tdklng the valxie of the slope of the lift curve 

to be 0.08, an average- value 'eis\de'termiiied from '"reference. 3>- and 
also including the variation 'of center of gra-vdty, the neutral., 
points were computed for these condl-tlbns,. These neutral points. 
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of course, do rot Include the protatlo changes In 


dJi 


heyond 


the critical Mach number. The -variation of the neutral points 
. for .6f = .0° and 8^ « 15° -with M . is .given In figure 5- Again 
the increase in stability is indicated by the large rearward move- 
ment of the neutral point as^ M Increases above 0.7f5* 


CONCLUBIONS 


‘ The period of the short -period oscillation induced by the 
abrupt movement of the rudder elevators can be used' to give 
quantitative information on the static longitudinal stability. 

For the 0.5"scale model Lark -with -wing flap deflections of 0° 
and 15° the static longitudinal stabili.ty .decreased slightly up to 
the critical Mach number, then as M increased further the 
stability increased greatly. • .-I .. 
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Aeronautical Engineer 
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TABLE I 


Item 

’ 

StiU"“scq1o 

J- . ri-r 

Model flight no. 1 

Model flight no. 2 


aircraft 

At taJce- 
off 

At ’bum" 
out 

At take- 
off 

At hum- 
out 

Vel^, lb 

lOfi) 

124.7 

97-3 

127-4 

99.9 

Center-of-Gcewlty 

location, peTCent chocrd 

20 

15-2 

17-4 

18.6 

19-8 

Wing loading Ib/sq. ft 

LLO 

45.7 

35-7 

46-7 

1 

36.6 

Mcsment of Inertia 
plug-feet^ 

22l(approa:.) 

8.9 

8.5 

! 8.3 

7-9 

i 

Badlus of gyration, ft 

2. 6( approx* ) 

1-5 

1-7 

1.45 

1-59 

i 
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CONFIDENTIAL 



Figure 2.- Photograph of a 0.5-scale model Lark and rocket motor with blast tube. 
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Fig. 3 



F'lgure 3 .-Vanai'ion of period of the shorf- period oscillafions 
with Mach number for Sf^O° and Sf=iSZ 
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Fig. 4 



Mach number^ M national advisory 

COMMITTEE FOK AERONAUTICS 

Figur‘d Vanahon cF the sfahc longii'udinal shahthfy 
wi'th Mach number -for and Sf^fS? 





Neui'rai po/nf, p^rcenf chord 



Mcfch number, M national advisory 

COMMITTEE FOK AERONAUTICS 

Hgure S Variofion of fhe neuira! poinf ujifh Mach number 
Sjf^O^ and cijr“/5®; dC^/dx assumed to be 0,08. 
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